Key Words: episode of care ◼ health expenditures ◼ hospitals ◼ myocardial infarction ◼ patient readmission ◼ percutaneous coronary intervention BACKGROUND: Percutaneous coronary intervention (PCI) is a common and expensive procedure that has become a target for bundled payment initiatives. We described the magnitude and determinants of variation in 90-day PCI episode payments across a diverse array of patients and hospitals.
T
he annual direct cost of cardiovascular disease and stroke in the United States is estimated to be $190 billion. 1 Faced with rising healthcare costs, public and private payers have turned their attention to novel payment models and policy initiatives aimed at controlling costs. [2] [3] [4] [5] [6] [7] For instance, the Centers for Medicare and Medicaid Services (CMS) implemented the Hospital Readmission Reduction Program, which penalizes hospitals with higher than expected readmission rates for specific conditions. 7 However, rising healthcare costs may also be related to increased utilization in other aspects of care (ie, increased skilled nursing facility usage). Bundled payment models were designed to link hospital reimbursement to their performance within an episode of care, incorporating not only readmission costs but all healthcare costs throughout the continuum of inpatient and outpatient care after an index event like an admission for acute myocardial infarction (AMI). [2] [3] [4] [5] [6] 8 Percutaneous coronary intervention (PCI)-one of the most common cardiovascular procedures performed in the United States 1 -has become a focus of bundled payment initiatives. [3] [4] [5] 9 Indeed, CMS recently announced the creation of the Bundled Payments for Care Improvement Advanced model, which consists of 32 clinical episodes of care, including 2 episodes designed around PCI. 9 In addition, episodes of care triggered by PCI are being considered as a resource use metric used to modify physician payment in the new Quality Payment Program created by the passage of the Medicare Access and Children's Health Insurance Program Reauthorization Act. 10 However, the sources of payment variation within cardiovascular episodes of care remain poorly understood, especially for conditions treated with PCI. Prior research on episodes of care have primarily focused on surgical procedures, such as coronary artery bypass graft surgery, cystectomy, nephrectomy, prostatectomy, and colectomy. [11] [12] [13] [14] [15] In contrast to many surgeries, PCI is performed across a broad spectrum of patient presentations, ranging from patients with stable angina undergoing outpatient elective PCI to those presenting with ST-segment-elevation myocardial infarction (STEMI) and cardiogenic shock requiring emergent PCI and life supportive measures in an intensive care unit. These differences could lead to substantial variation in the sources of episode spending across PCI procedures relative to other conditions that have been studied. Understanding the drivers of variation in PCI episodes of care is critical for both policy design and clinical quality improvement initiatives.
In this context, we evaluated the determinants of variation in 90-day PCI episode payments across a diverse array of patients and hospitals in the state of Michigan. We linked records from a statewide clinical PCI registry to private insurance and Medicare administrative claims to (1) evaluate the variation in 90-day PCI episode payments across hospitals and (2) identify the components of healthcare payments that drive this variation.
METHODS

Data Sources
We used 2 data sources for this study. The first was the Blue Cross Blue Shield of Michigan Cardiovascular Consortium clinical PCI registry, which includes all patients who underwent PCI in both inpatient and outpatient settings at 47 nonfederal PCI-capable hospitals in the state of Michigan. 16, 17 The second data source was the Michigan Value Collaborative (MVC)-a statewide collaborative focused on improving the value of care in the state of Michigan. MVC developed and maintains a validated claims-based registry with 90-day pricestandardized episodes of care from Medicare fee-for-service and Blue Cross Blue Shield of Michigan preferred provider organization administrative claims. [13] [14] [15] 18 All clinically related claims within 90 days after discharge from the index hospitalization or procedure were included in the episode. This use of a 90-day window is consistent with the design of recent bundled payment initiatives. 9, 19 The first eligible PCI claim that occurred in the administrative data triggered the initiation of a PCI episode. All other eligible claims, including subsequent PCIs, were included within the initial 90-day episode and did not initiate a new PCI episode of care. For beneficiaries insured by Blue Cross Blue Shield of Michigan, we were unable to determine whether they lost coverage during a 90-day episode of care.
Because payments between private insurers and providers are frequently negotiated, payments were standardized for each claim using average Medicare payments in the state of Michigan. This allowed us to make comparisons of payments
WHAT IS KNOWN
• Percutaneous coronary intervention is a common and costly procedure that has become the focus of new bundled payment initiatives.
• Episodes of care designed around percutaneous coronary intervention are included in the Bundled Payment for Care Improvement Advanced model and are poised to play an important role in the Medicare Quality Payment Program.
WHAT THE STUDY ADDS
• Compared with hospitals in the lowest payment quartile, hospitals in the highest quartile received ≈12% higher payments.
• The majority of this difference was related to variation in payments after the index hospitalization or procedure-principally readmissions and postacute care.
• Hospitals and policymakers should consider targeting these components when designing initiatives to reduce healthcare spending in the context of novel value-based healthcare policies.
across insurers by removing differences in negotiated prices between insurers and hospitals/providers. The University of Michigan Institutional Review Board approved the study and determined that it met the definition of research not requiring informed consent. The analytic and statistical methods are available through M.S. (mcseth@med. umich.edu) to other researchers for purposes of replicating the procedure. However, the data used in this study cannot be shared because of our data use agreements.
Study Population
We obtained all 90-day episodes for conditions where PCI may have occurred, which included 90-day episodes of care defined by MVC for 2 episodes: AMI and PCI. The administrative claim codes used as inclusion and exclusion criteria used to trigger AMI and PCI episodes are shown in Table I in the Data Supplement. Notably, patients admitted for AMI and treated with PCI were assigned solely to an AMI episode of care. Among AMI episodes, we included episodes where the discharge diagnosis-related group (DRG) indicated that PCI was performed during the index hospitalization (246, 247, 248, 249, 250, and 251) or there was a professional claim with a Current Procedural Terminology code indicating PCI was performed (92920, 92928, 92933, 92980, and 92982) during the index hospitalization. Next, we linked the 2 data sources together using iterative deterministic matching to construct a cohort of patients who underwent PCI between January 1, 2012, and October 29, 2016, in Michigan ( Figure  I in the Data Supplement). We linked patients between the datasets using patient date of birth, sex, procedure dates, and hospital national provider identifiers. 20 From this linked cohort, we excluded PCIs performed at hospitals without on-site cardiac surgical backup (14 hospitals) because all PCIs at these hospitals were performed for emergent indications and are likely to be different in important ways than the remaining 33 hospitals. We also excluded episodes where the patient was discharged against medical advice or discharged to hospice care because such dispositions may dramatically affect 90-day payments.
Risk-Adjusted Episode Payments
Total 90-day episode payments were adjusted for patient case mix using an observed-over-expected payment framework. We predicted expected episode payments using a linear regression model incorporating clinical and procedural variables from the Blue Cross Blue Shield of Michigan Cardiovascular Consortium PCI clinical registry (complete list of clinical variables available in Table II in the Data Supplement) and a predicted episode payment variable provided by the MVC. This MVC variable was derived using a 2-step model that utilizes age, sex, admission acuity, CMS hierarchical condition categories, and prior outlier 6-month high spending, along with AMI and PCI episode-specific claims-based risk adjustment variables. Next, we divided the observed episode payment by the expected episode payment and multiplied this ratio by the overall mean 90-day episode payment to obtain risk-adjusted payments. Risk-adjusted 90-day payments were used for all analyses unless otherwise specified. The total risk-adjusted episode payment was then disaggregated into 4 principal payment components: index hospitalization/procedure, professional fees, postacute care, and readmissions.
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Identifying Drivers of Episode Payment Variation
We ranked hospitals by their average 90-day risk-adjusted episode payments and categorized them into quartiles. Hospitals in the lowest quartile (ie, low-payment hospitals) were compared with hospitals in the highest quartile (ie, high-payment hospitals). Next, we divided the difference in average payments for each component between high-and low-payment hospitals by the difference in total episode payments between high-and low-payment hospitals to the percentage of total payment variation driven by each principal component of care. [13] [14] [15] To further evaluate the drivers of variation, we examined differences in payments between high-and low-payment hospitals for specific aspects of care within the principal components of postacute care and professional care. For instance, subcomponents within postacute care included skilled nursing facilities, inpatient/outpatient rehabilitation facilities, home health agency payments, and other facility payments, to name a few. Professional payments were categorized using Berenson-Eggers Type of Service codes. 21 For the principal component of readmissions, we investigated the relationship between a hospital's 90-day riskadjusted readmission rate and its average 90-day risk-adjusted total episode payment to further understand whether the variation in readmission payments was driven by differences in the rate of readmission or the amount of payment for the readmission that is usually determined by the DRG. The method used to calculate a hospitals' 90-day risk-adjusted readmission rates can be found in Methods in the Data Supplement. Among all readmissions that occurred during a 90-day episode, we described the 5 most common readmission DRGs and the percentage of readmissions with a DRG indicating that PCI was performed (DRG 246, 247, 248, 249, 250, and 251) among low-and high-payment hospitals.
Lastly, we examined the relationship between a hospital's 90-day risk-adjusted mortality rate and its average 90-day risk-adjusted episode payment to understand whether hospitals achieving lower average payments were doing so at the expense of clinical quality (ie, higher risk-adjusted mortality rates).
Subgroup Analyses
Given that PCI is performed for a diverse array of patient presentations in both inpatient and outpatient settings, we evaluated hospital-level variation in average 90-day episode payments in 2 important sets of subgroups. For the first set of subgroups, we stratified episodes based on whether the index PCI was performed for an indication of AMI, defined as a coronary artery disease presentation of STEMI or non-STEMI as per the National Cardiovascular Data Registry CathPCI registry definition. 22 For the second set of subgroups, we stratified episodes based on whether PCI was performed during an inpatient or outpatient stay. Such differences in the hospital environment may be important for understanding the sources and magnitude of payment variation because inpatient hospitalizations are often reimbursed at a higher rate than outpatient procedures. 23 We identified inpatient and outpatient PCIs using the place of service indicator attributed to each episode by MVC for the index procedure. Finally, because episodes of care triggered by PCI for the treatment of STEMI are being considered as a cost measure that may be used to adjust payments in the Quality Payment Program, we also evaluated payment variation among episodes where the index PCI was performed for the treatment of STEMI. Then, within each subgroup, we reranked hospitals by their average 90-day episode payment and categorized them into high-and low-payment quartiles and calculated the component drivers of variation.
Statistical Analysis
Standardized differences were used as a measure of imbalance in baseline characteristics between episodes at hospitals with the lowest average 90-day risk-adjusted episode payments (quartile 1) and those with the highest average 90-day episode payments (quartile 4). Absolute standardized differences >10% were considered to be an indicator of baseline imbalance. 24 We compared hospital characteristics reported in the 2016 American Hospital Association survey between high-and low-payment hospitals. The characteristics included annual PCI volume, organizational structure, hospital bed size, teaching status, geographic locations, and percentage of Medicaid admissions. We used Spearman correlation testing to investigate the relationship between hospital-level variables (ie, 90-day risk-adjusted readmission rates, mortality rates, and average 90-day episode payments). A P value <0.05 was considered statistically significant. All analyses were performed using R, version 3.2.1, 25 and Stata, version 14.2 (StataCorp LP, College Station, TX). A total of 10 547 episodes were attributed to 9 lowpayment hospitals (quartile 1), and 9074 episodes to 8 high-payment hospitals (quartile 4). Patients who underwent PCI at the highest payment hospitals compared with the lowest payment hospitals were more likely to be black, have a history of heart failure, present with unstable angina, undergo elective PCI, receive mechanical circulatory support for PCI, and undergo femoral access for PCI (Table 1) . High-payment hospitals tended to be larger (≥500 beds), performed more annual PCIs, and had a higher percentage of admissions covered by Medicaid insurance, compared with low-payment hospitals (Table III in the Data Supplement) . Hospitals in the lowest and highest payment quartiles had average risk-adjusted 90-day episode payments of $23 744 and $26 504, respectively. This amounted to a difference of $2760 or 11.6% increased payment at high-payment hospitals (Figure 2A) . Payments related to readmissions (46.2%) were the primary driver of this difference in payment, followed by payments for postacute care (22.6%; Figure 2B ). The composition of episode payments for hospitals in all 4 quartiles is shown in Figure  II in the Data Supplement.
RESULTS
Readmissions
The overall 90-day episode readmission rate was 18.4% (n=7537/40 925). We found a strong correlation between hospital risk-adjusted 90-day readmission rates and average risk-adjusted episode payments (Spearman rho, 0.63; P<0.001; Figure 3 ). There were 2507 readmissions occurring in episodes at low-payment hospitals (24 readmissions per 100 episodes) and 2972 readmissions occurring in episodes at high-payment hospitals (33 readmissions per 100 episodes). PCI with drug-eluting stent without major comorbidity or complication (DRG 247) was the most common readmission DRG at both low and high-payment hospitals (Table IV in the Data Supplement). There was a similar percentage of readmissions associated with a DRG indicating that PCI was performed at low-and high-payment hospitals (11.8% and 11.7%, respectively).
Postacute Care and Professional Fees
Within the component of postacute care, the largest difference in payments between high-and low-payment hospitals was related to procedural outpatient facility payments and home health agency payments (difference, $336 and $143, respectively). On average, lowpayment hospitals received higher payments related to outpatient rehabilitation care compared with high-payment hospitals (difference, −$55; Table 2 ). Payments related to procedural care, other care, and imaging studies were the largest drivers of variation within the professional fees component of care (Table 2) .
Average Episode Payments and 90-Day Mortality
Among the 32 518 Medicare episodes with postdischarge data on patient vital status, the overall 90-day episode mortality rate was 3.6%. We found a modest positive correlation between a hospital's average riskadjusted 90-day episode payment and its 90-day riskadjusted mortality rate with a Spearman rho of 0.35 (P=0.045; Figure IIIA in the Data Supplement). To assess whether this relationship was primarily driven by the high cost of care of patients who died, we repeated the analysis by excluding episodes where death occurred from the calculation of a hospital's average episode payment. A similar relationship between a hospital's average risk-adjusted 90-day episode payment and its 90-day risk-adjusted mortality rate was noted (Spearman rho, 0.31; P=0.079; Figure IIIB in the Data Supplement).
Subgroup Analysis
There were 16 468 (40.2%) episodes where the index PCI was performed for treatment of AMI and 24 447 (59.8%) episodes where it was performed for treatment of non-AMI conditions. Ten cases were excluded from this analysis because of a missing coronary artery disease presentation variable. There were 28 285 (69.1%) episodes where the index PCI was performed in the inpatient setting and 12 640 (30.9%) episodes where it was performed in the outpatient setting. After reclassifying hospitals into high-and low-payment quartiles within each subgroup, readmissions remained the largest contributor to payment variation in all 4 subgroups (Table V in the Data Supplement). The absolute differences between high-and low-payment hospitals were relatively constant, ranging between $3066 and $3796. However, the largest difference was among the outpatient PCI subgroup where the average payment at high-payment hospitals was 19.4% higher than lowpayment hospitals.
We also evaluated payment variation among episodes where the index PCI was performed for the treatment of STEMI (n=6263). In this subgroup, the average payment was 19.5% higher at high-payment hospitals compared with low-payment hospitals (difference, $4905). Payments related to postacute care and professional fees were the largest contributors to payment variation (Table VI in 
DISCUSSION
In this analysis of >40 000 90-day PCI episodes, we report 2 main findings. First, there was substantial variation in average 90-day episode payments across 33 hospitals performing both elective and nonelective PCI in the state of Michigan. This suggests variable healthcare use across the state even after accounting for hospital case mix. The difference in average 90-day payments to hospitals in the highest and the lowest payment quartiles was $2760, representing ≈12% higher payments at high-payment versus low-payment hospitals. Second, more than half of this difference was related to variation in care after the index hospitalization or procedure, principally in the form of payments for readmissions and postacute care. These may be important areas of healthcare use for hospitals and policymakers to target in the current era of payment reform.
In contrast to many surgical episodes of care where postacute care payments were the major driver of variation, 11, 14, 26 we found a substantial proportion of the variation in episode payments was related to readmission payments, regardless of the indication for PCI or whether it was performed in the inpatient or outpatient setting. Although readmissions are already a major focus of national healthcare policies, such as Hospital Readmission Reduction Program, 7 and PCI for the treatment of AMI is targeted under this policy, readmissions after PCI performed for other indications are not. In the current study, we demonstrated a strong correlation between hospital 90-day risk-adjusted readmission rates and risk-adjusted 90-day episode payments. High-and low-payment hospitals also shared the 5 most common causes of readmissions, suggesting that readmission payments are more likely driven by increased readmission rates rather than variable reimbursement for common readmission diagnoses between high-and low-payment hospitals. Readmissions were also the largest contributor to payment variation among AMI, non-AMI, inpatient, and outpatient PCI subgroups. Therefore, hospitals that can safely reduce readmissions after PCI stand to benefit under payment policies where reimbursement is tied to spending within an episode of care.
However, not all readmissions are preventable, nor should all readmissions be prevented. Prior research by Wasfy et al 27 demonstrated that >40% of readmissions within 30 days after PCI at 2 tertiary care academic centers could have been prevented. Tanguturi et al 28 followed up this finding with the implementation of a series of interventions at their institution, which was associated with a reduction in their hospital's 30-day post-PCI readmission rate from 9.6% to 5.3% between 2011 and 2015. Further development and implementation of strategies to safely reduce readmissions after PCI will be increasingly important for hospitals when payments are tied to their performance within episodes of care.
Wasfy et al 27 also found that staged PCI was the most common cause of preventable readmissions in their study. In the current study, ≈12% of readmissions at low-and high-payment hospitals contained a discharge DRG indicating that PCI was performed. However, we were unable to identify whether these readmissions were for unplanned or planned PCI; therefore, a fraction of these readmissions may have been planned admissions for staged PCI. Nevertheless, although some have argued that payments associated Data are presented as n (%) or mean±SD where appropriate. CABG indicates coronary artery bypass grafting; CAD, coronary artery disease; IABP, intraaortic balloon pump; MI, myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-segment-elevation myocardial infarction. with staged PCIs should be excluded from episodes of care, 29 recent bundled payment models do not exclude staged or planned PCIs from episodes of care. 19, 30 Approximately, a quarter of the variation in payments between high-and low-payment hospitals was attributed to postacute care payments. The primary drivers of variation within this component included payments for procedures performed at outpatient facilities and home health agency care. Not surprisingly, this contrasts with surgical episodes, such as coronary artery bypass grafting, where payments to rehabilitation facilities are responsible for the majority of variation in postacute care payments. 13 Notably, low-payment hospitals had higher average payments for outpatient rehabilitation compared with high-payment hospitals. Cardiac rehabilitation is a class I guideline recommendation after PCI.
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It is also associated with a reduction in hospital admissions and an improvement in quality of life. 32 Lastly, we did not find evidence that low-payment hospitals were achieving this distinction at the expense of poorer performance on important quality measures, such as 90-day risk-adjusted mortality. With the continued growth of bundled payment models, it will be important to ensure that reductions in healthcare payments do not occur at the expense of clinical quality.
Our findings concerning the drivers of variation in episode spending for PCI should be considered in Beginning in 2017, all providers caring for Medicare patients had to select 1 of 2 payment pathways in the Quality Payment Program. Physicians who choose to participate in the Merit-Based Incentive Payment System will receive a payment adjustment based on performance in 4 domains, including clinical quality, meaningful use, resource use, and clinical practice improvement. 34 Among 8 episodes of care being piloted as measures of resource use that may eventually be used to adjust physician payment, at least 2 episodes are specific to cardiovascular care, including episodes triggered by elective outpatient PCI and STEMI with PCI. 10 Of note, although readmissions were the predominant source of payment variation in the overall study cohort and most subgroups, among episodes where PCI was performed for the treatment of STEMI, payments related to postacute care and professional fees were the largest contributor to payment variation. This suggests that hospitals and policymakers may need to consider targeting different components of care depending on the indication for PCI.
The other pathway created by the Quality Payment Program is the advanced alternative payment model pathway, where physicians may receive a 5% incentive payment for being involved in qualified alternative payment models. 35 CMS recently announced the creation of a new voluntary 90-day bundled payment model, Bundled Payments for Care Improvement Advanced, that will allow healthcare providers to participate in the advanced alternative payment model pathway. 9 Bundled Payment for Care Improvement Advanced consists of 32 clinical episodes, including inpatient and outpatient PCI, thus underscoring the relevance of our findings for policymakers and healthcare providers as this new model is implemented in the coming years.
Limitations
Our study has several important limitations. First, there may be patient characteristics associated with healthcare use and 90-day episode payments that were unmeasured and may affect case mix adjustment between hospitals. However, we used variables from a clinical PCI registry and administrative claims to adjust episode payments for case mix. Most bundled payment models rely exclusively on administrative claims for risk adjustment 36 ; thus our findings represent a more robust risk adjustment than would be employed in real-world applications. Second, the specific episode definitions in our article differ from those proposed by various payer policies. We did not seek to emulate a specific episode policy but instead, sought to broadly describe variation in 90-day PCI episode payments among a diverse set of patients and hospitals. Third, as noted above, we were unable to identify whether PCIs occurring after the index procedure were planned or staged procedures. Therefore, a fraction of readmissions where PCI occurred may have been planned. However, recent bundled payment initiatives designed by CMS have not traditionally accounted for staged or planned PCIs. 19, 36 Further research is needed to understand the impact of including staged PCIs on total episode payments in PCI bundles. Fourth, all hospitals participating in the Blue Cross Blue Shield of Michigan Cardiovascular Consortium PCI registry also engage in collaborative quality improvement initiatives for PCI. Moreover, many of these hospitals also participate in other collaborative quality initiatives, including the MVC where they receive information on their hospital's healthcare utilization across a diverse array of episodes of care. 37 Engagement in these initiatives may have led to a reduction in the variation in healthcare use after PCI over time. Therefore, these findings may not be generalizable to sites that do not participate in such quality improvement initiatives. 38 
Conclusions
We found significant variation in 90-day episode payments after PCI among 33 sites in the state of Michigan. Over half the variation between high-and low-payment hospitals was related to care after the index event, primarily because of readmissions and postacute care payments. Hospitals and policymakers should consider targeting these components when developing initiatives to reduce healthcare spending. Future research should focus on identifying procedural or postprocedural factors that may be targeted to safely reduce postdischarge healthcare use.
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